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Abstract:	A	highly	 functionalized	 intermediate	 in	 the	 synthesis	of	Taxol	has	been	synthesized,	







cell	 fermentation	 whilst	 Taxotere	 and	 Jevtana	 are	 produced	 by	 semisynthesis	 from	 10-
deacetylbaccatin	 III,	 taxanes	 still	 trigger	 interest	 among	 synthetic	 organic	 chemists,	 as	
exemplified	by	the	formal	syntheses	of	Taxol	recently	reported	by	the	groups	of	Nakada2	as	well	
as	Sato	and	Chida,3	and	the	synthesis	of	decinnamoyltaxinine	E	and	taxabaccatin	III	by	Baran	et	
al.4	 Among	 the	 previous	 syntheses	 of	 Taxol,5	 compound	 4	 reported	 by	 Holton5b	 (Scheme	 1)	
attracted	our	attention.	In	addition	to	being	an	intermediate	en	route	to	Taxol,	it	could	also	be	
rapidly	 transformed	 into	 taxoids	 with	 interesting	 activity;	 indeed,	 it	 has	 been	 shown	 that	 9-
deoxotaxol	exhibits	a	similar	cytotoxicity	to	Taxol	and	10-epi-taxol	and	10-epi-deacetyltaxol	are	
approximately	twice	more	active	than	the	natural	product.6	A	rapid	synthesis	of	the	tricyclic	core	
of	 Taxol	 leading	 to	 Holton's	 intermediate	 would	 pave	 the	 way	 to	 a	 range	 of	 novel	 Taxol	





at	 C10-C13	 would	 be	 formed	 by	 a	 Ti(III)	 radical-mediated	 opening	 of	 the	 corresponding	 1,3-
bisepoxide,	which	can	be	synthesized	by	bis	epoxidation	of	compound	5,7	and	the	ketone	at	C4	
would	be	installed	by	a	hydroboration/oxidation	sequence	of	the	C3-C4	olefin	of	5.5d	Carbonate	
5	 would	 be	 formed	 by	 a	 ring-closing	 dienyne	metathesis	 (RCDEYM)	 reaction	 from	 dienyne	6.	
This	 cascade	metathesis	 reaction	was	 validated	 in	our	previous	work	on	 the	 synthesis	of	 a	7-
deoxy	ABC	tricycle	of	Taxol8	as	well	as	Granja	et	al's	work	on	the	construction	of	simplified	Taxol	
analogues.7b,c	 The	 key	 step	 for	 the	 assembly	 of	 metathesis	 precursors	 is	 a	 Shapiro	 coupling	
reaction	between	aldehyde	8	and	trisylhydrazone	9.	This	reaction	was	shown	to	be	incompatible	
with	 the	presence	of	 an	olefin	at	C10	 in	 the	hydrazone	C	 ring,8b	 so	 the	olefin	at	C10	and	 the	
alcohol	at	C7	were	masked	as	a	methyl	ketal	in	compound	9.9	
Scheme	 1.	 Taxol	 and	 derivatives;	 retrosynthesis	 of	 the	 ABC	 tricycle	 of	 Taxol	 featuring	 a	 ring-
closing	dienyne	metathesis	(RCDEYM).	
	The	synthesis	of	C	ring	9	started	 from	Wieland-Miescher	ketone	10	 (Scheme	2),	which	can	be	
prepared	 on	 large	 scale	 and	 excellent	 enantiomeric	 purity	 using	 the	 method	 described	 by	
Bonjoch	 et	 al.10	 Chemoselective	 and	 diastereoselective	 reduction	 of	 this	 ketone	with	 sodium	
borohydride	at	low	temperature	followed	by	protection	of	the	resulting	alcohol	as	a	triethylsilyl	
ether	 furnished	 compound	 11	 in	 excellent	 yield.	 Decarbonylative	 ozonolysis	 and	 subsequent	
formation	of	the	thioester	proceeded	smoothly	to	give	compound	12	in	good	yield	over	2	steps.	
Thioester	 12	 was	 reduced	 with	 triethylsilane/Pd	 on	 carbon	 and	 the	 resulting	 aldehyde	 was	
treated	with	acid	to	form	lactol	13	as	a	1:1	mixture	of	epimers	after	cleavage	of	the	TES	ether.	
Purdie	 methylation	 of	 compound	 13	 using	 silver(I)	 oxide	 and	methyl	 iodide	 afforded	methyl	













































yield	 from	ethyl	 isobutyrate	and	propargyl	bromide.8	Enantioenriched	8	 (4:1	er)	could	also	be	




This	 reaction	 proved	 to	 be	 very	 diastereoselective,	 giving	 only	 the	 trans	 1,2-diols12	 after	
































1. oNO2PhSeCN, nBu3P, THF
2. H2O2, (NH4)6Mo7O24.4H2O
-15 °C, 90% over 2 steps
16 R = CO
COIm2, NaH
DMF, 90%
crystalline,	 and	 X-ray	 crystallographic	 analysis	 confirmed	 that	 it	 possessed	 the	 required	
configuration	for	Taxol	at	C1	and	C2	(See	supporting	information	for	details).14	The	methyl	ketal	
in	16	was	then	hydrolyzed	with	concentrated	sulfuric	acid	and	the	resulting	hemiketal	reduced	
with	 sodium	 borohydride	 to	 furnish	 diol	 17	 in	 excellent	 yield.	 The	 primary	 alcohol	 was	







DMAP	 =	 4-dimethylaminopyridine,	 PMB	 =	 pmethoxybenzyl,	 MOM	 =	 methoxymethyl,	 BOM	 =	
benzyloxymethyl,	DMF	=	N,N-dimethylformamide.	
We	 next	 attempted	 to	 perform	 the	 key	 metathesis	 reaction	 on	 compound	 18a	 with	 a	 free	
alcohol	at	C7	under	the	conditions	that	were	optimized	for	the	7-deoxy	derivative	18h	(R	=	H),	
with	the	Zhan-1B	precatalyst	(Table	1).8	Unfortunately,	only	the	bicyclic	compound	20a	resulting	
from	 metathesis	 between	 the	 olefins	 at	 C10	 and	 C13	 was	 obtained,	 along	 with	 a	 complex	





18g	gave	 the	 highest	 yield	 (45%)	of	 the	 desired	 tricycle	19g,	 along	with	 30%	of	20g,	 but	 this	
result	was	disappointing	compared	with	the	70%	yield	obtained	for	the	7-deoxy	compound	19h.	






R Substrate Yield of 19a-h (%) Yield of 20a-h (%) 
OH 18a 0 23 
OTES 18b 0 77 
OAc 18c 0 80 
OPMB 18d 29 22 
OMOM 18e 28 54 
OBOM 18f 29 46 



























similar;	 therefore	 all	 the	 subsequent	 experiments	 were	 perfomed	 with	 the	 more	 readily	
available	 precatalyst	 Zhan-1B.	 The	 influence	 of	 the	 solvent	 and	 the	 temperature	 was	 also	
probed	 (Table	 2);	 performing	 the	 metathesis	 reaction	 in	 1,2-dichloroethane	 (DCE)	 at	 reflux	































Precatalyst Solvent Yield of 19f (%) Yield of 20f (%) 
Grubbs 2 toluene 12 64 
Hoveyda-Grubbs 2 toluene 17 36 
Grela toluene 33 57 
Zhan-1B toluene 29 46 
Zhan-1B 1,2-dichloroethane 23 63 
Zhan-1B pxylene 0 33 
[a]	Reaction	conditions:	a)	10	mol%	precatalyst,	solvent,	reflux,	16	h.		
The	 different	 results	 observed	 between	 the	 reactions	 with	 the	 Hoveyda-Grubbs-type	
precatalysts	can	only	be	due	to	the	presence	of	the	styrene	derivative	released	after	formation	
of	 the	first	carbene	derived	from	18f.17	To	assess	the	 importance	of	 this	 ligand,	metathesis	of	
18f	 was	 performed	 with	 HG2	 in	 the	 presence	 of	 three	 equivalents	 of	 2-isopropoxystyrene	
(Scheme	 5).	 This	 led	 to	 a	 slight	 improvement	 in	 the	 yields	 of	 both	19f	 and	20f.	 In	 a	 parallel	
experiment,	the	isopropylidene	carbene	was	preformed	by	stirring	the	Zhan-1B	complex	with	2-









20f	 with	 10	 mol%	 of	 Zhan-1B	 in	 toluene	 at	 reflux	 for	 16h.	 After	 that	 time,	 the	 tricycle	 was	
recovered	 almost	 entirely	 while	 more	 than	 half	 of	 the	 bicycle	 had	 degraded.	 When	 the	
metathesis	reaction	with	50	or	100	mol%	of	precatalyst	was	stopped	after	45	min,	19f	and	20f	
were	obtained	 in	12-13%	and	58-57%	yield,	 respectively	 (Table	3),	 implying	 that	bicycle	20f	 is	
the	kinetic	product	of	this	reaction	and	that	it	isomerizes	slowly	to	tricycle	19f	(see	Scheme	6	for	
proof	of	isomerization).	Unfortunately,	the	decomposition	of	20f	is	faster	than	its	conversion	to	





































Table	3.	 Influence	of	 catalyst	 loading	and	 reaction	 time	on	 the	outcome	of	 the	metathesis	of	
18f.[a]	
	
X (mol%) Time Yield of 19f (%) Yield of 20f (%) 
10 16 h 29 46 
50 16 h 27 20 
100 16 h 35 traces 
50 45 min 12 58 





was	 added	 and	 the	mixture	 was	 stirred	 for	 an	 additional	 12	 h	 (Scheme	 6).	 Tricycle	 19f	 was	
isolated	 in	47%	yield,	 indicating	 that	around	10%	of	20f	 isomerized	to	19f	and	the	rest	of	 the	
bicycle	decomposed.	
Scheme	6.	Metathesis	reaction	of	18f	with	added	20f.		







bicycle	 of	 Taxol	 (Scheme	 7).	 When	 20f	 was	 resubmitted	 to	 the	 metathesis	 reaction	 with	












toluene, 110 °C, 5 h;
then 20f (1 equiv)




metathesis	 (ROM)	 could	 produce	 carbene	1,	 but	 since	 the	olefin	 at	 C13	 is	 unhindered,	 diene	
RCM	would	occur	 to	 form	again	20f.8	 Reaction	of	 the	methylidene	 carbene	with	20f	 leads	 to	
carbene	 2,	 which	 undergoes	 RCM/ROM	 to	 furnish	 carbene	 3	 (R	 =	 H)	 rather	 than	 carbene	 4,	






































methyl-2-butene	 to	 regenerate	 the	 carbene	 shown	 in	 Scheme	 5,	 no	 reaction	 occurred	 (see	
Scheme	7),	 suggesting	 that	 the	 isomerization	of	20f	 into	19f	 does	not	 start	with	ROM	of	20f.	
This	 isomerization	 could	 also	 be	 explained	 by	 the	 mechanism	 shown	 in	 Scheme	 8,	 where	




	We	 next	 turned	 to	 the	 functionalization	 of	 tricycle	 19f.	 Epoxidation	 with	 one	 equivalent	 of	
mCPBA	selectively	oxidized	 the	more	 reactive	bridgehead	olefin	of	19f	 to	give	23	 in	excellent	
yield	 (Scheme	 9),	 so	 we	 decided	 to	 pursue	 this	 route	 before	 exploring	 the	 bis	 epoxidation	
pathway.	Expecting	that	the	fused	trisubstituted	alkene	at	C3-C4	would	be	more	reactive	than	
the	 other	 trisubstituted	 alkene	 at	 C12-C13,	 we	 next	 submitted	 compound	 23	 to	 a	 range	 of	





























































carbene 4carbene 1 carbene 2
R













epoxide	 in	 a	 vinylogous	manner.	 No	 reaction	 occurred	 with	 Yb(OTf)3	 and	 in	 the	 presence	 of	
stronger	 Lewis	 acid	 Sc(OTf)3	 or	 Brønsted	 acids	 such	 as	 camphorsulfonic	 acid,	 skeletal	
rearrangement	 took	 place	 to	 give	 aldehyde	 25	 (Scheme	 10).	 Epoxide	 24	 proved	 to	 be	more	
reactive	and	gave	the	desired	allylic	alcohol	26	under	Yb(OTf)3	catalysis.	However,	this	product	









23 R1= R2 = CO









	Formation	 of	 polycycle	 27	 can	 be	 explained	 by	 a	 cationic	 cyclization	 cascade	 reaction,	 as	
illustrated	in	Scheme	11.	Opening	of	the	activated	epoxide	forms	carbocation	A,	where	the	C4	
and	 C13	 position	 are	 very	 close	 due	 to	 the	 convex	 shape	 of	 this	 tricycle.	 Cyclization	 of	 A	






excess	 mCPBA	 furnished	 diepoxide	 trans-28	 in	 70%	 yield,	 along	 with	 6%	 of	 the	 minor	
diastereomer	 cis-28	 (Scheme	 12).22	 Radical	 opening	 of	 this	 diepoxide	 using	 the	 conditions	
developed	 by	 Granja	 et	 al.7a	 on	 taxoids	 led	 to	 diol	 29	 in	 only	 19%	 yield	 in	 refluxing	 THF;23	
however,	 the	 same	 reaction	 performed	 on	 the	 corresponding	 benzoate	 30	 at	 ambient	
temperature	gave	diol	31	in	53%	yield.	The	alcohols	at	C10	and	C13	were	easily	differentiated	by	



















31  R = H


































difficult	 because	 of	 the	 unpredictable	 reactivity	 of	 the	 strained	 tricycle,	 but	we	were	 able	 to	






























10	 (43.3	g,	243	mmol)	 in	 (1:1)	MeOH/CH2Cl2	 (700	mL)	at	 -78	 °C	was	added	NaBH4	 (9.2	g,	243	
mmol,	1.0	equiv).	The	reaction	mixture	was	stirred	for	15	min.	Acetone	(200	mL)	and	H2O	(200	
mL)	 were	 added.	 The	 aqueous	 layer	 was	 extracted	 with	 CH2Cl2	 (200	mL),	 and	 the	 combined	
organic	 extracts	 were	 dried	 over	 anhydrous	MgSO4,	 filtered	 and	 concentrated	 in	 vacuo.	 The	
crude	 mixture	 was	 then	 purified	 by	 flash	 chromatography	 (petroleum	 ether/EtOAc:	 6/4)	 to	









(4S,5S)-4-Methyl-5-((triethylsilyl)oxy)-4,4,5,6,7,8-hexahydronaphthalen-2(3H)-one	 (11).	 To	 a	
solution	of	secondary	alcohol	(43.8	g,	243	mmol)	in	CH2Cl2	(150	mL)	were	added	imidazole	(41.3	
g,	 607	mmol,	 2.5	 equiv)	 and	 TESCl	 (61	mL,	 364	mmol,	 1.5	 equiv).	 The	 reaction	mixture	 was	
stirred	 for	16	h.	A	 saturated	aqueous	 solution	of	NaHCO3	 (100	mL)	was	added	 to	quench	 the	
reaction.	The	aqueous	 layer	was	extracted	with	CH2Cl2	 (3x150	mL),	and	the	combined	organic	
extracts	 were	 washed	 with	 brine	 (300	 mL),	 dried	 over	 anhydrous	 MgSO4,	 filtered	 and	





Hz,	9H),	0.61	 (q,	 J	=	7.9	Hz,	6H).	 13C	NMR	 (126	MHz,	CDCl3)	δ	ppm:	199.8,	168.9,	125.3,	78.9,	
42.2,	34.6,	33.9,	32.1,	30.8,	23.0,	15.5,	6.9,	5.2.	IR	(ν,	cm-1):	3019,	2960,	1670,	1625,	1460,	1255,	






3-((1R,6S)-1-Methyl-2-oxo-6-((triethylsilyl)oxy)cyclohexyl)propanoic	 acid.	 To	 a	 solution	 of	 11	
(5.0	g,	17	mmol)	in	MeOH	(180	mL)	at	-78	°C	was	passed	a	stream	of	O3	for	50	min.	The	reaction	
mixture	 was	 concentrated	 in	 vacuo.	 The	 crude	 mixture	 was	 then	 purified	 by	 flash	











(S)-Ethyl	 3-((1R,6S)-1-methyl-2-oxo-6-((triethylsilyl)oxy)cyclohexyl)propanethioate	 (12).	 To	 a	
solution	of	acid	(26.1	g,	83.0	mmol)	in	CH2Cl2	(200	mL)	was	added	carbonyl	diimidazole	(17.5	g,	
107	mmol,	1.3	equiv)	and	the	reaction	mixture	was	stirred	for	30	min.	Then	EtSH	(12.0	mL,	166	
mmol,	 2.0	 equiv)	 was	 added.	 The	 reaction	 mixture	 was	 stirred	 for	 16	 h.	 The	 volatiles	 were	
removed	 in	 vacuo	 and	 H2O	 (150	 mL)	 was	 added	 and	 the	 aqueous	 layer	 was	 extracted	 with	
CH2Cl2	(3x150	mL),	and	the	combined	organic	extracts	were	washed	with	brine	(500	mL),	dried	
over	anhydrous	MgSO4,	filtered	and	concentrated	in	vacuo.	The	crude	mixture	was	then	purified	











(4R,8S)-2-Hydroxy-4-methyloctahydro-5H-chromen-5-one	 (13).	 To	 a	 solution	 of	 thioester	 12	
(24.6	g,	68.6	mmol)	in	CH2Cl2	(150	mL)	were	added	triethylsilane	(21.8	mL,	137	mmol,	2.0	equiv)	
and	 10%	 Pd/C	 (7.5	 g)	 portionwise.	 The	 reaction	 mixture	 was	 stirred	 for	 30	 min.	 Then	 the	
reaction	mixture	was	filtered	through	a	short	pad	of	celite	and	the	solvent	was	concentrated	in	
vacuo.	 The	 crude	 mixture	 was	 dissolved	 in	 THF	 (150	 mL)	 and	 at	 0	 °C	 was	 slowly	 added	 an	
aqueous	solution	of	7%	HBr	(150	mL).	The	resulting	mixture	was	stirred	at	this	temperature	for	
1h.	A	saturated	aqueous	solution	of	NaHCO3	(500	mL)	was	slowly	added	to	quench	the	reaction,	






7.1	Hz,	1H),	2.40	 (br	s,	0.5H),	2.26-2.16	 (m,	1H),	2.06-1.68	 (m,	6H),	1.66-1.50	 (m,	2H),	1.27	 (s,	
1.5H),	1.23	(s,	1.5H).	13C	NMR	(126	MHz,	CDCl3)	δ	ppm:	213.6,	97.0,	91.5,	79.5,	71.7,	48.6,	48.4,	
36.5,	29.3,	29.0,	26.0,	25.9,	24.7,	20.8,	16.3,	15.3.	 IR	 (ν,	 cm-1):	3425,	2947,	2877,	1705,	1450,	











1H),	2.04-1.96	 (m,	1H),	1.96-1.88	 (m,	1H),	1.88-1.82	 (m,	1H),	1.81-1.69	 (m,	3H),	1.67-1.58	 (m,	
1H),	1.58-1.48	(m,	1H),	1.24	(s,	3H).	13C	NMR	(126	MHz,	CDCl3)	δ	ppm:	213.7,	104.0,	79.3,	56.5,	
48.7,	36.5,	29.3,	27.3,	26.0,	20.9,	16.3.	IR	(ν,	cm-1):	2854,	2747,	2641,	1736,	1431,	1337,	1264,	









reaction	mixture	was	 stirred	 for	 3	 h.	 A	 saturated	 aqueous	 solution	 of	 NaHCO3	 (150	mL)	was	
added	to	the	reaction,	the	aqueous	layer	was	extracted	with	Et2O	(3x150	mL),	and	the	combined	
organic	extracts	were	washed	with	brine	 (250	mL),	dried	over	anhydrous	MgSO4,	 filtered	and	






6H),	 1.03	 (s,	 3H).	 13C	NMR	 (126	MHz,	CDCl3)	 δ	ppm:	161.8,	153.2,	151.1,	131.2,	123.5,	104.0,	
79.4,	56.4,	42.1,	34.2,	31.3,	29.9,	27.5,	26.1,	24.8,	24.7,	23.6,	23.5,	21.5,	21.5,	17.3.	IR	(ν,	cm-1):	







methylpent-3-yn-2-yl)hex-4-ene-1,2-diol	 (15)	 and	 (7).	 To	 a	 solution	 of	 hydrazone	 9	 (24	 g,	 50	
mmol,	1.2	equiv)	in	THF	(60	mL)	at	-78	°C	was	added	dropwise	tBuLi	(68	mL,	1.47	M	in	hexane,	
100	mmol,	2.4	equiv).	The	solution	turned	dark	red.	The	solution	was	stirred	at	this	temperature	
for	 30	 min	 and	 warmed	 for	 a	 few	min	 to	 room	 temperature	 and	 intense	 nitrogen	 bubbling	
occured.	The	mixture	was	then	cooled	down	to	–78	°C	and	a	solution	of	aldehyde	(±)-8	(12	g,	42	
mmol)	in	THF	(30	mL)	was	added.	The	resulting	mixture	was	stirred	at	-78	°C	for	5	h	and	became	
yellow.	 The	 reaction	 was	 quenched	 with	 saturated	 aqueous	 NaHCO3	 (100	mL).	 The	 aqueous	
layer	was	extracted	with	Et2O	(3x150	mL),	and	the	combined	organic	extracts	were	washed	with	
brine	 (500	mL),	 dried	 over	 anhydrous	MgSO4,	 filtered	 and	 concentrated	 in	 vacuo.	 The	 crude	
mixture	was	dissolved	in	THF	(150	mL)	and	a	1N	aqueous	solution	of	HCl	(63	mL,	63	mmol,	1.5	
equiv)	was	 then	added.	 The	 resulting	mixture	was	 stirred	at	 room	 temperature	 for	12	h.	 The	











1.13	 (s,	 3H).	 13C	NMR	 (126	MHz,	CDCl3)	 δ	 ppm:	 143.7,	 131.7,	 126.4,	 120.7,	 104.0,	 86.4,	 79.2,	
79.0,	78.1,	70.7,	56.3,	41.7,	37.0,	33.0,	32.7,	27.9,	26.2,	26.0,	26.0,	24.8,	23.4,	18.9,	17.9,	3.6.	IR	






















3	equiv)	 and	 carbonyl	diimidazole	 (11	g,	 67	mmol,	 4	equiv).	 The	mixture	was	 stirred	at	 room	
temperature	 for	30	min.	The	 reaction	was	quenched	with	saturated	aqueous	NH4Cl	 (150	mL).	
The	aqueous	layer	was	extracted	with	Et2O	(3x150	mL),	and	the	combined	organic	extracts	were	
washed	with	brine	(2x350	mL),	dried	over	anhydrous	MgSO4,	filtered	and	concentrated	in	vacuo.	

















for	16	h.	The	 reaction	was	quenched	with	 saturated	aqueous	NaHCO3	 (250	mL).	The	aqueous	
layer	was	extracted	with	EtOAc	(3x250	mL),	and	the	combined	organic	extracts	were	dried	over	
anhydrous	MgSO4,	filtered	and	concentrated	 in	vacuo.	The	crude	mixture	was	then	purified	by	





































over	 MgSO4,	 filtered	 and	 concentrated	 in	 vacuo	 to	 give	 a	 brown	 oil	 that	 was	 used	 without	
further	 purification.	 A	 solution	 of	 (NH4)6Mo7O24.4H2O	 (90	mg)	 in	water	 (7	mL)	 and	 hydrogen	






















stirred	 for	 16	 h.	 A	 saturated	 aqueous	 solution	 of	 NaHCO3	 (10	mL)	was	 added	 to	 quench	 the	
reaction.	 The	 aqueous	 layer	was	 extracted	with	 CH2Cl2	 (3x10	mL),	 and	 the	 combined	 organic	
extracts	 were	 washed	 with	 brine	 (25	 mL),	 dried	 over	 anhydrous	 MgSO4,	 filtered	 and	
concentrated	 in	 vacuo.	 The	 crude	 mixture	 was	 then	 purified	 by	 flash	 chromatography	



















a	 saturated	aqueous	solution	of	CuSO4	 (5	mL),	brine	 (2x10	mL),	dried	over	anhydrous	MgSO4,	














methylbut-2-en-1-yl)-4-(2-methylpent-3-yn-2-yl)-1,3-dioxolan-2-one	 (18d).	 To	 a	 solution	 of	
alcohol	18a	(0.10	g,	0.26	mmol)	in	CH2Cl2	(5	mL)	were	added	PMB-trichloroacetimidate	(0.22	g,	
0.78	 mmol,	 3.0	 equiv)	 and	 CSA	 (10	 mg,	 0.04	 mmol,	 0.15	 equiv).	 The	 resulting	 mixture	 was	
refluxed	for	24	h.	A	saturated	aqueous	solution	of	NaHCO3	(5	mL)	was	added	and	the	aqueous	
layer	was	extracted	with	CH2Cl2	(3x5	mL),	and	the	combined	organic	extracts	were	washed	with	
















en-1-yl)-4-(2-methylpent-3-yn-2-yl)-1,3-dioxolan-2-one	 (18e).	To	 a	 solution	of	 alcohol	18a	 (40	
mg,	0.10	mmol)	in	CH2Cl2	(3	mL)	were	added	DIPEA	(0.12	mL,	0.70	mmol,	7.0	equiv),	TBAI	(7	mg,	
0.02	mmol,	0.2	equiv)	and	MOMCl	 (35	µL,	92%	solution,	0.40	mmol,	4.0	equiv).	The	 resulting	




extracts	 were	 washed	 with	 brine	 (2x100	 mL),	 dried	 over	 anhydrous	 MgSO4,	 filtered	 and	


















was	 allowed	 to	 reflux	 for	 16	 h.	 After	 the	 reaction	 mixture	 was	 cooled	 down	 to	 room	
temperature	an	aqueous	solution	of	1N	NaOH	(25	mL)	was	added	and	stirred	for	5-10	min.	The	
aqueous	 layer	 was	 extracted	 with	 Et2O	 (3x50	 mL),	 and	 the	 combined	 organic	 extracts	 were	
washed	with	a	saturated	aqueous	solution	of	CuSO4	(2x50	mL)	The	aqueous	copper	solution	was	
extracted	 with	 Et2O	 (3x100	mL)	 and	 the	 combined	 organic	 extracts	 were	 washed	 with	 brine	
(2x350	mL),	dried	over	anhydrous	MgSO4,	filtered	and	concentrated	in	vacuo.	The	crude	mixture	
was	 then	purified	by	 flash	chromatography	 (petroleum	ether/Et2O:	95/5	 to	9/1)	 to	afford	 the	







25.8,	 24.8,	 24.5,	 22.4,	 21.9,	 20.8,	 18.1,	 3.6.	 IR	 (ν,	 cm-1):	 3054,	 2986,	 2306,	 1792,	 1558,	 1421,	






(2-methylpent-3-yn-2-yl)-1,3-dioxolan-2-one	 (18g).	 To	 a	 solution	 of	 alcohol	 18a	 (40	 mg,	 0.1	
mmol)	 in	DMF	 (1.5	mL)	were	 added	at	 0	 °C	NaH	 (6.0	mg,	 60%	 in	mineral	 oil,	 0.15	mmol,	 1.5	
equiv)	and	MeI	(12	µL,	0.20	mmol,	2.0	equiv).	The	resulting	mixture	was	allowed	to	stir	for	16	h	
at	 room	 temperature.	 A	 saturated	 aqueous	 solution	 of	 NaHCO3	 (5	 mL)	 was	 added	 and	 the	
aqueous	 layer	 was	 extracted	 with	 Et2O	 (3x5	 mL),	 then	 the	 combined	 organic	 extracts	 were	
















µmol)	 in	 toluene	 (30	mL)	was	 thoroughly	degassed	under	argon	 (using	 the	 freeze-thaw	pump	
technique)	and	Zhan-1B	catalyst	(7.0	mg,	9.0	µmol,	0.1	equiv)	was	added	and	the	mixture	was	
stirred	at	reflux	for	16	h.	The	resulting	mixture	was	allowed	to	cool	down	and	the	solvent	was	
removed	 in	 vacuo.	 The	 crude	mixture	was	 then	purified	by	 flash	 chromatography	 (petroleum	













octahydrobenzo[3,4]cycloocta[1,2][1,3]dioxol-2-one	 (20b).	 The	 same	 metathesis	 procedure	
was	repeated	with	the	protected	alcohol	18b	(35	mg,	70	µmol).	The	crude	mixture	was	purified	







76.3,	44.4,	39.3,	39.2,	32.1,	25.6,	24.9,	24.8,	21.7,	19.3,	7.0,	5.1,	3.7.	 IR	 (ν,	 cm-1):	3055,	2955,	






octahydrobenzo[3,4]cycloocta[1,2][1,3]dioxol-8-yl	 acetate	 (20c).	 The	 same	 metathesis	





3H),	 1.40	 (s,	 3H),	 1.35	 (s,	 3H),	 1.10	 (s,	 3H).b13C	NMR	 (126	MHz,	CDCl3)	 δ	 ppm:	 170.9,	 154.9,	
136.3,	128.1,	127.5,	126.7,	91.1,	83.2,	80.9,	80.6,	77.6,	42.7,	39.4,	39.1,	32.0,	25.6,	24.9,	21.4,	
21.3,	21.2,	18.5,	3.6.	IR	(ν,	cm-1):	3055,	3034,	2984,	2920,	1796,	1726,	1466,	1373,	1249,	1164,	


































3.7.	 IR	 (ν,	 cm-1):	 3042,	 2980,	 2943,	 2832,	 1800,	 1612,	 1497,	 1458,	 1257,	 1187,	 1041.	HRMS	






3,7-methanobenzo[3,4]cyclodeca[1,2][1,3]dioxol-2-one	 (19e)	 and	 (3S,7S,8S,11S,Z)-8-
(Methoxymethoxy)-7-methyl-3-(2-methylpent-3-yn-2-yl)-3,4,7,7,8,9,10,11-
octahydrobenzo[3,4]cycloocta[1,2][1,3]dioxol-2-one	 (20e).	 The	 same	 metathesis	 procedure	
was	repeated	with	the	protected	alcohol	18e	(33	mg,	76	µmol).	The	crude	mixture	was	purified	
by	 flash	 chromatography	 (petroleum	ether/Et2O:	 85/15)	 to	 afford	 the	 title	 tricycle	 compound	














(c	 1.0,	 CHCl3).	 (3S,7S,8S,11S,Z)-8-(Methoxymethoxy)-7-methyl-3-(2-methylpent-3-yn-2-yl)-














octahydrobenzo[3,4]cycloocta[1,2][1,3]dioxol-2-one	 (20f).	 Method	 A:	 The	 same	 metathesis	
procedure	was	 repeated	with	 the	protected	alcohol	 18f	 (20	mg,	39	µmol).	The	crude	mixture	




was	added	and	 the	mixture	was	stirred	at	 reflux	 for	16	h	while	a	gentle	 stream	of	argon	was	
bubbling	through	the	reaction	mixture.	The	resulting	mixture	was	allowed	to	cool	down	and	the	
solvent	was	 removed	 in	vacuo.	The	crude	mixture	was	 then	purified	by	 flash	chromatography	
(benzene/CH2Cl2:	75/25)	to	only	afford	the	title	tricycle	compound	19f	(32-36	mg,	70-80	µmol,	
35-40%)	as	a	colourless	oil.	Method	C:	A	solution	of	precursor	18f	(36	mg,	71	µmol)	in	toluene	





through.	 The	 resulting	 mixture	 was	 allowed	 to	 cool	 down	 and	 the	 solvent	 was	 removed	 in	
vacuo.	The	crude	mixture	was	then	purified	by	flash	chromatography	(benzene/CH2Cl2:	75/25)	
to	 afford	 the	 title	 tricycle	 compound	 19f	 (15	 mg,	 33	 µmol,	 47%)	 as	 a	 colourless	 oil.	
(3S,9S,10S,13S,Z)-10-((Benzyloxy)methoxy)-6,9,14,14-tetramethyl-9,9,10,11,12,13-hexahydro-






1.59	 (s,	3H),	1.33	 (s,	3H),	1.17	 (s,	3H).	 13C	NMR	 (126	MHz,	CDCl3)	δ	ppm:	154.1,	146.7,	138.3,	
137.6,	134.6,	128.5,	128.1,	127.8,	127.7,	127.0,	115.8,	93.4,	93.2,	78.9,	75.5,	70.1,	47.5,	41.1,	
32.8,	30.6,	25.2,	24.1,	22.9,	21.7,	21.3,	18.8.	 IR	 (ν,	cm-1):	3056,	3030,	2934,	1801,	1541,	1377,	



















methanobenzo[3,4]cyclodeca[1,2][1,3]dioxol-2-one	 (19g)	 and	 (3S,7S,8S,11S,Z)-8-methoxy-7-
methyl-3-(2-methylpent-3-yn-2-yl)-3,4,7,7,8,9,10,11-










ppm:	 154.2,	 146.5,	 138.2,	 134.7,	 127.9,	 127.3,	 115.9,	 93.3,	 79.5,	 79.0,	 57.2,	 47.8,	 41.1,	 32.8,	
30.6,	25.2,	24.2,	21.6,	21.3,	21.3,	18.8.	IR	(ν,	cm-1):	3054,	2983,	2931,	1797,	1507,	1434,	1265,	


















trimethyl-9-methylene-1,3-dioxaspiro[4.5]dec-7-en-2-one	 (21f)	 and	 (3S,8S,9S,12S,Z)-3-Allyl-9-
((benzyloxy)methoxy)-4,4,6,8-tetramethyl-5-methylene-3,5,8,8,9,10,11,12-octahydro-4H-
benzo[3,4]cyclonona[1,2][1,3]dioxol-2-one	 (22f).	 Ethylene	 was	 bubbled	 for	 2	 min	 through	 a	
thoroughly	degassed	(using	the	freeze-thaw	pump	technique)	solution	of	precursor	18f	(20	mg,	
39	µmol)	 in	 toluene	 (13	mL)	 and	 Zhan-1B	 catalyst	 (3	mg,	 4	µmol,	 0.1	 equiv)	was	 added	 then	
ethylene	was	bubbled	 through	 the	 reaction	mixture	 for	 another	 2	min.	 The	 resulting	mixture	
was	refluxed	under	an	ethylene	atmosphere	for	2.5	h.	The	resulting	mixture	was	allowed	to	cool	










123.0,	 118.3,	 113.1,	 98.3,	 94.0,	 77.6,	 76.4,	 69.8,	 52.9,	 42.9,	 42.2,	 38.9,	 23.3,	 23.1,	 22.7,	 22.3,	
21.1,	18.9.	IR	(ν,	cm-1):	3045,	2972,	2934,	1794,	1458,	1327,	1272,	1180,	1033.	HRMS	(ESI/TOF-




















the	 same	 temperature	 for	 30	 min.	 The	 reaction	 mixture	 was	 washed	 with	 a	 10%	 aqueous	
solution	of	Na2SO3	 (2x4	mL),	and	the	aqueous	 layer	was	extracted	with	CH2Cl2	 (3x10	mL).	The	
combined	organic	extracts	were	washed	with	a	saturated	aqueous	solution	of	NaHCO3	(25	mL),	
washed	with	brine	 (25	mL),	 dried	over	MgSO4,	 filtered	and	 concentrated	 in	 vacuo.	 The	 crude	



















solution	 of	 saturated	 aqueous	 NaHCO3	 (5	 mL)	 was	 then	 added	 and	 the	 aqueous	 phase	 was	
extracted	with	Et2O	(3x10	mL).	The	combined	organic	extracts	were	washed	with	brine	(10	mL),	
dried	over	anhydrous	MgSO4,	 filtered	and	concentrated	 in	vacuo.	The	crude	mixture	was	then	







(m,	1H),	1.46	 (q,	 J	 =	1.8	Hz,	3H),	1.32	 (s,	3H),	1.28	 (s,	6H).	 13C	NMR	 (100	MHz,	CDCl3)	δ	ppm:	
165.7,	140.2,	137.6,	136.4,	133.1,	130.4,	129.7,	128.8,	128.5,	128.5,	127.9,	127.8,	120.9,	93.6,	
79.8,	78.7,	74.1,	70.1,	65.6,	60.3,	43.4,	41.0,	34.2,	33.1,	24.5,	24.1,	23.1,	22.0,	19.2,	16.0.	IR	(ν,	










the	 aqueous	 phase	was	 extracted	with	 EtOAc	 (3x5	mL).	 The	 combined	 organic	 extracts	were	







(d,	 J	=	17.2	Hz,	1H),	1.35	 (s,	3H),	1.21	 (s,	3H),	1.16	 (s,	3H).	 13C	NMR	 (126	MHz,	CDCl3)	δ	ppm:	
203.7,	153.7,	137.6,	132.9,	131.3,	128.4,	127.9,	127.7,	124.0,	121.6,	93.6,	88.0,	78.3,	78.2,	70.0,	









methylenedecahydro-1H-2,8:6,9-dimethanobenzoazulen-11-yl	 benzoate	 (27).	To	 a	 solution	 of	
vinyl	epoxide	24	(13	mg,	24	µmol)	in	allyl	alcohol	(0.5	mL)	was	added	Yb(OTf)3	(1.5	mg,	2.4	µmol,	
0.1	 equiv)	 The	 mixture	 was	 stirred	 at	 room	 temperature	 for	 16	 h.	 A	 solution	 of	 saturated	
aqueous	NaHCO3	(2	mL)	was	then	added	and	the	aqueous	phase	was	extracted	with	EtOAc	(3x5	
mL).	 The	 combined	 organic	 extracts	 were	 washed	 with	 brine	 (10	mL),	 dried	 over	 anhydrous	
MgSO4,	 filtered	 and	 concentrated	 in	 vacuo.	 The	 crude	 mixture	 was	 then	 purified	 by	 flash	
chromatography	(CH2Cl2/EtOAc:	95/5)	to	afford	the	title	alcohol	26	(3.5	mg,	5.8	µmol,	24%)	and	
pentacycle	27	 (4.1	mg,	 7.4	 µmol,	 31%)	 as	 colourless	 oils.	 (1S,5S,6S,8S,11S,12S)-8-(Allyloxy)-1-
((benzyloxy)methoxy)-6,11-dihydroxy-9,12,13,13-tetramethyl-1,2,3,5,6,7,8,11,12,12-












2.92	 (dd,	 J	=	13.7,	6.9	Hz,	1H),	2.04-1.92	 (m,	3H),	1.78	 (s,	3H),	1.73-1.66	 (m,	2H),	1.65	 (s,	3H),	
1.61	(dd,	J	=	13.7,	6.5	Hz,	1H),	1.61-1.57	(m,	1H),	1.46	(s,	3H),	1.35-1.29	(m,	2H),	1.14	(s,	3H).	13C	
NMR	 (126	MHz,	CDCl3)	 δ	 ppm:	 164.6,	 145.6,	 141.7,	 137.9,	 135.4,	 133.0,	 130.6,	 129.5,	 128.5,	
128.4,	128.1,	127.8,	127.7,	117.3,	116.6,	94.0,	91.2,	84.0,	79.7,	72.3,	70.8,	70.1,	69.9,	65.3,	43.0,	

















127.6	 (CAr),	 103.5	 (C18),	 93.5	 (Ca),	 81.7	 (C7),	 80.5	 (C2),	 80.0	 (C1),	 75.8	 (C10),	 69.6	 (Cb),	 63.6	
(C11),	62.4	(C3),	50.9	(C15),	49.6	(C8),	45.1	(C13),	42.4	(C9),	39.0	(C4),	35.1	(C14),	26.0	(C5),	24.9	
(C6),	21.8	(C16),	21.0	(C17),	14.8	(C19).	IR	(ν,	cm-1):	3321,	3034,	2965,	2929,	1733,	1698,	1565,	









solution	of	mCPBA	 (76	mg,	0.33	mmol,	3.0	equiv)	 in	CH2Cl2	 (1	mL).	The	 resulting	mixture	was	
stirred	at	 room	temperature	 for	16	h.	The	 reaction	mixture	was	washed	with	a	10%	aqueous	
solution	 of	 Na2SO3	 (2x2	 mL)	 and	 the	 aqueous	 layer	 was	 extracted	 with	 CH2Cl2	 (10	 mL).	 The	
combined	organic	extracts	were	washed	with	a	saturated	aqueous	solution	of	NaHCO3	(10	mL)	
washed	with	brine	(10	mL)	and	dried	over	MgSO4,	filtered	and	concentrated	in	vacuo.	The	crude	

















(c	 1.0,	 CHCl3).	 (1R,1R,2R,3S,6S,10S,10S,11S)-10-((Benzyloxy)methoxy)-1,10,12,12-tetramethyl-
1,2,6,8,10,10,11,11-octahydro-3H,9H-1,3-methanobenzo	















(29).	 Zinc	 dust	 (0.20	 g,	 3.0	mmol)	 was	 added	 to	 a	 solution	 of	 Cp2TiCl2	 (0.25	 g,	 1.0	mmol)	 in	
anhydrous	and	degassed	THF	(2.5	mL).	The	suspension	was	vigorously	stirred	for	2	h.	The	freshly	
made	green	solution	of	[Cp2TiCl]2	(0.83	mL,	0.2	M	in	THF,	0.16	mmol,	5	equiv)	was	added	to	a	
solution	 of	 diepoxide	 trans-28	 (16	mg,	 33	 µmol)	 in	 THF	 (1.5	mL).	 The	 resulting	mixture	 was	
stirred	 at	 reflux	 for	 16	 h.	 A	 1N	 aqueous	 solution	 of	 HCl	 (5	mL)	was	 added	 and	 the	 resulting	
mixture	was	stirred	for	5	min.	The	aqueous	layer	was	extracted	with	EtOAc	(3x10	mL),	drier	over	
MgSO4,	 filtered	 and	 concentrated	 in	 vacuo.	 The	 crude	 mixture	 was	 then	 purified	 by	 flash	
















benzoate	(30).	To	a	solution	of	diepoxide	trans-28	 (25	mg,	51	µmol)	 in	THF	(2.5	mL)	at	 -78	°C	
was	 added	 phenyllithium	 (0.22	 mL,	 2	 M	 in	 nBu2O,	 0.45	 mmol,	 9.0	 equiv).	 The	 mixture	 was	
stirred	at	 this	 temperature	 for	2	h.	A	 solution	of	 saturated	aqueous	NaHCO3	 (2	mL)	was	 then	
added	and	the	aqueous	phase	was	extracted	with	Et2O	(3x5	mL).	The	combined	organic	extracts	
were	 washed	with	 brine	 (10	mL),	 dried	 over	 anhydrous	MgSO4,	 filtered	 and	 concentrated	 in	

















(0.20	 g,	 3.0	mmol)	was	 added	 to	 a	 solution	 of	 Cp2TiCl2	 (0.25	 g,	 1.0	mmol)	 in	 anhydrous	 and	
degassed	THF	(2.5	mL).	The	suspension	was	vigorously	stirred	for	2	h.	The	freshly	made	green	
solution	of	[Cp2TiCl]2	(0.93	mL,	0.2	M	in	THF,	0.19	mmol,	5.0	equiv)	was	added	to	a	solution	of	
diepoxide	 30	 (21	 mg,	 37	 µmol)	 in	 THF	 (1.5	 mL).	 The	 resulting	 mixture	 was	 stirred	 at	 room	
temperature	for	4	h.	A	1N	aqueous	solution	of	HCl	(5	mL)	was	added	and	the	resulting	mixture	
was	stirred	for	5	min.	The	aqueous	layer	was	extracted	with	EtOAc	(3x10	mL),	drier	over	MgSO4,	
filtered	 and	 concentrated	 in	 vacuo.	 The	 crude	 mixture	 was	 then	 purified	 by	 flash	
chromatography	(petroleum	ether/EtOAc:	3/7)	to	afford	the	title	1,4-diol	31	 (11	mg,	20	µmol,	
53%)	as	a	colourless	oil.	1H	NMR	(500	MHz,	CDCl3)	δ	ppm:	8.09-8.03	(m,	2H),	7.62-7.56	(m,	1H),	
















stirred	 for	 16	 h.	 A	 saturated	 aqueous	 solution	 of	 NaHCO3	 (1	 mL)	 was	 added	 to	 quench	 the	
reaction.	 The	 aqueous	 layer	 was	 extracted	 with	 CH2Cl2	 (3x5	 mL),	 and	 the	 combined	 organic	











24.5,	 24.4,	 23.9,	 19.7,	 16.8,	 6.9,	 4.9.	 IR	 (ν,	 cm-1):	 3421,	 3049,	 2984,	 2961,	 2882,	 1717,	 1675,	





















Biediger,	 R.	 J.;	 Boatman,	 P.	D.;	 Shindo,	M.;	 Smith,	 C.	 C.;	 Kim,	 S.	 J.	 Am.	Chem.	 Soc.	1994,	116,	












Proc.	 Jpn.	 Acad.	 1997,	 73B,	 95-100;	 h)	 Morihara,	 K.;	 Hara,	 R.;	 Kawahara,	 S.;	 Nishimori,	 T.;	




Chem.	 2005,	 41,	 315-351;	 b)	 Pulicani,	 J.-P.;	 Bouchard,	 H.;	 Bourzat,	 J.-D.;	 Commerçon,	 A.	
Tetrahedron	Lett.	1994,	35,	9709-9712.	











[13]	 a)	 Muller,	 B.;	 Delaloge,	 F.;	 den	 Hartog,	 M.;	 Férézou,	 J.-P.;	 Pancrazi,	 A.;	 Prunet,	 J.;	
Lallemand,	 J.-Y.;	Neuman,	A.;	Prangé,	 T.	Tetrahedron	Lett.	1996,	37,	3313-3316;	b)	Muller,	B.;	







[14]	 CCDC-1490501	 contains	 the	 supplementary	 crystallographic	 data	 for	 this	 paper.	 These	










[21]	 Isomerization	 of	 21f	 was	 not	 attempted	 as	 this	 compound	 was	 always	 obtained	 as	 a	
mixture	with	20f.		
[22]	 See	supporting	information	for	proof	of	structure	of	compounds	trans-28	and	cis-28.	
[23]	 No	reaction	occurred	at	ambient	temperature.	
